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and desalted with home-made Poros R2 columns, injected and separated in
a nanoLC system, mixed with α-cyano and deposited in a MALDI plate using
an automatic MALDI spotter. The MS run for each fraction was analyzed
in an ABI 4800 MALDI-TOF/TOF instrument and fragmentation was done
using a CID system.
Results: 87 identiﬁed proteins were related with the chondrogenic differ-
entiation process from a total of 209 proteins. Some of the proteins related
with chondrogenesis obtained with this method were:
Name Swissprot Accession # Type Day
Collagen alpha-1 P02452 Collagen 4, 7
Collagen alpha-2 P08123 Collagen 4, 7
Decorin P07585 Proteoglycan 4, 7
Calreticulin P27797 Chaperone 4, 7
Collagen alpha-3 P12111 Collagen 14, 28
Lumican P51884 Proteoglycan 7, 14, 28
Fibulin P23142 Glycoprotein 14, 28
Biglycan P21810 Proteoglycan 46
Nidogen P14543 Glycoprotein 46
Conclusions: 1. This technique is suitable to analyze medium complexity
samples as secretome.
2. The chondrogenesis differentiation designed through spheroid formation
have revealed be an excelent method to obtain chondrocytes-like cells from
mesenchymal stem cells of human umbilical cord stromal tissue.
3. Pathways related with differentiation process are been activated during
the chondrogenesis process.
175
EFFECT OF HUMAN PLATELET RICH PLASMA RELEASATES ON
PROLIFERATION ANDMATRIX SYNTHESIS OF HUMAN ARTICULAR
CHONDROCYTES GROWN ON A POLYGLYCOLIC ACID-BASED
BIOMATERIAL (PGA): MOLECULAR, PROTEOMICAL AND
IMMUNOFLUORESCENCE ANALYSIS
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Purpose: Recently proposed cell-based cartilage repair procedures require
that autologous articular chondrocytes are isolated from a small biopsy,
expanded in vitro, and then either directly injected into the defect or used
to engineer implantable grafts. Generally, several technical problems have
limited the wide clinical application of these techniques, in particular: (a)
the low yield of chondrocytes that can be obtained from a biopsy; (b) the
chondrocyte trend to lose their chondrogenic potential during the expan-
sion phase in conventional culture systems based on foetal calf serum (FCS)
addition to the culture medium; (c) the low capacity of chondrocytes to
re-differentiate towards cartilage-forming cells after the expansion phase.
In the last years, many of these aspects have been ameliorated thanks to the
development of cultural conditions based on the introduction of mixtures
of recombinant growth factors (GFs) and the employment of a variety of
biocompatible matrices supporting an appropriate tissue formation in vitro
and in vivo. However, some disadvantages of recombined GFs have become
evident, such as short shelf life and high price.
In recent years, a number of clinical studies have suggested that platelet
(PLT) derivatives, such as PLT-rich plasma (PRP), have the potential for a
substantial therapeutic role in cartilage tissue regeneration.
In a previous work, we have demonstrated the high eﬃcacy of a human PRP
releasate (PRPr) supplementation in delivering a broad range of GFs and
maintaining a chondrocyte-like phenotype in mono- and three-dimensional
cultures of human chondrocytes.
The aim of the present study was to investigate the anabolic properties of
PRPr supplementation on cartilage constructs based on PGA (polyglycolic
acid). PGA is a synthetic polymer successfully used in cartilage tissue
engineering for its biocompatibility and mechanical properties.
In order to evaluate if PRPr, in comparison with the conventional FCS cul-
tural supplementation, is really effective in improving the quality of PGA-
based cartilage constructs, we investigated, on different chondrocyte/PGA
3D-cultures, the genomic and proteomic expression of several biomarkers
of chondrocyte differentiation.
Methods: Time-dependent analyses were performed by means of Proteo
miner 2D electrophoresis, Real-time PCR and immunoﬂuorecence (IF) mi-
croscopy, on several chondrocyte/PGA cultures independently grown with
PRPr and FCS at the same concentration.
Results: The analysis of protein repertoires of cellular supernatants ob-
tained by 3D chondrocyte/PGA cultures grown with PRPr and FCS, after 10
days, shown signiﬁcant differences in the expression of proteins involved
in chondrocytic differentiation and anabolic activity. PRPr-supplemented
PGA constructs shown the exclusive expression of at least 7 markers of
chondrocytes differentiation, and the increase of about 4 protein involved
in cartilagenous anabolism. Real-time PCR gene expression analysis con-
ﬁrmed, in PRPr-treated constructs, after 20 days of culture, an increase
in expression of markers related to the synthesis of mature cartilagenous
extracellular matrix (Sox9 and Collagen II respectively +7.7 and +14.5
folds vs starting de-differentiated chondrocytes and +1.8 and +4.8 folds vs
FCS-treated constructs). These results were conﬁrmed by IF microscopic
analyses.
Conclusions: Our results strongly support the eﬃcacy of PRPr supple-
mentation to ameliorate the differentiation status of human articular
chondrocytes. Moreover, the whole of the differentiating PRPr activity in
addition to its stronger effect on cell proliferation, should allow to consider
this preparation very useful to the safe and economic engineering of
cartilage constructs.
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Purpose: The purpose of this study was to allograft a three-dimensional
(3D) cartilaginous aggregates derived from bone marrow mesenchymal
cells into large osteochondral defects in rabbit knees, with the aim of
elucidating its long-term outcome for cartilage repair.
Methods: Bone marrow cells were harvested from long bones of 12-day-old
Japanese white rabbits. The cells were subjected to monolayer culture and
the spindle-shaped cells attached to the ﬂask surface were deﬁned as bone
marrow mesenchymal cells. After approximately 20 days of monolayer
culture, a 3D cartilage-like tissue was created by inducing cartilage differ-
entiation under rotary culture (1.0×107 cells) for one week with serum-free
medium containing TGF-β3. We created a full-thickness cartilage defect,
5 mm in diameter and 4 mm in depth, at the femoral trochlea of 10-
week-old Japanese white rabbits (average weight, 2.0 kg). Two groups were
set up, the graft group (n=19) in which the 3D cartilage-like tissue was
transplanted into the defect, and the control group (n=18) in which the
defect was untreated. Twenty six and 52 weeks after grafting, rabbits were
sacriﬁced and their tissue repair status was evaluated macroscopically
(ICRS macroscore) and histologically (O’Driscoll score). Scores from the two
groups were compared, with statistical signiﬁcance set at p<0.05.
Results: ICRS macroscores were: at week-26, 7.2±0.5 (score ± standard
error; n=12) and 7.6±0.8 (n=7) for graft and control groups, respectively;
at week-52, 7.6±1.1 (n=7) and 9.7±0.7 (n=11) for graft and control groups,
respectively. O’Driscoll scores were: at week-26, 12.6±1.9 and 10.1±1.9;
at week-52, 9.6±3.0 and 14.0±1.4, each for graft and control groups,
respectively. No signiﬁcant differences were found between the groups.
Conclusions: It has been reported that cartilage repair by transplanting
bone marrow mesenchymal cells into a full-thickness defect in rabbit
articular cartilage results in some short-term repair at hyaline cartilage-like
tissue; however, the cartilage layer gradually becomes thinner with time
and is eventually replaced by bone tissue. In this study, rather than
transplanting mesenchymal cells directly, we induced the differentiation of
mesenchymal cells into cartilaginous aggregate and grafted the resulting
tissue into the defect. These experiments were conducted based on the hy-
pothesis that transplanting the 3D tissue, as opposed to mesenchymal cells
themselves, might result in satisfactory repair at the hyaline cartilage-like
tissue even in the long term. However, we found no signiﬁcant differences
between graft and control groups, either macroscopically or histologically.
Within the graft group, tissues that did not show satisfactory repair were
not only ossiﬁed but also accompanied by scarring. These results suggest the
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possibility of long-term immunological rejection of the allograft. In the fu-
ture, it will be necessary to carry out these studies using an autograft model.
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REPEATED SUB-THRESHOLD DOSING OF TGF-BETA1 IS INEFFECTIVE IN
STIMULATING HUMAN BONE MARROW CELLS: IMPLICATIONS FOR
CARTILAGE REPAIR STRATEGIES
V. Yao, K.A. Payne, C.R. Chu
Univ. of Pittsburgh, Pittsburgh, PA
Purpose: Articular cartilage injury and degeneration are leading causes
of disability. Since the articular cartilage has a limited capability to heal
itself, improving cartilage repair is an important strategy to reducing
pain and disability. Transforming growth factor-beta 1 (TGF-β1) induces
chondrogenesis of human bone marrow cells (hBMC), an important cell
source for cartilage repair. A challenge to in vivo administration of TGF-β1
is understanding the dosing regimens that would effectively stimulate
hBMC and improve cartilage repair. The aims of this study are to test the
hypothesis that (1) TGF-β1 signaling can be induced and maintained by
either single or repeated administrations in vitro, and (2) hBMC mediated
cartilage repair cells remain responsive to sustained exposure to TGF-β1 in
vivo.
Methods: To test hypothesis 1, hBMC were stimulated with single admin-
istration of 5, 10 or 15ng/mL of TGF-β1 and the expression of TβRII and
phospho-SMAD3 compared with multiple administrations of TGF-β1 by
Western Blot. Protein was isolated at 0, 2h, 4h, 1d, 3d and 7d after the last
administration of TGF-β1.
To test hypothesis 2, TβRII expression were assessed in athymic rat osteo-
chondral defects at 4 weeks following implantation of hBMC transduced
with AAV-GFP or AAV-TGF-β1 by immunohistochemical staining.
Results: In vitro, TβRII expression increased signiﬁcantly at 2h post-
stimulation with single administration of 15ng/mL of TGF-β1, and at 4h
and 1d post-stimulation with single administration of 10ng/mL of TGF-β1.
Phospho-SMAD3 expression increased at 2h post-stimulation with single
administration of 10ng/mL of TGF-β1. However, the expression of both pro-
teins declined thereafter. In contrast, multiple administrations of 10ng/mL
of TGF-β1 led to increases in TβRII and phospho-SMAD3 expression for up
to 7 days post-stimulation.
In vivo, TβRII was strongly expressed throughout the repair tissues of
osteochondral defects receiving hBMC expressing TGF-β1, but there was
weak and sparse expression of TβRII in repair tissues of osteochondral
defects receiving hBMC expressing GFP.
Conclusions: The data show that the effects of single administration of
TGF-β1 in vitro are transient suggesting that repetitive administrations of
10ng/mL of TGF-β1 may be required to sustain cellular responsiveness
in vivo. In vivo, cartilage repair cells remain responsive to repeated ex-
posure to TGF-β1. The implication for in vivo repair strategies are that
sustained exposure of hBMC to TGF-β1 is critical and can be achieved using
AAV-vectors.
178
ANTAGONIZING ENDOGENOUSLY EXPRESSED BONE MORPHOGENETIC
PROTEINS IMPAIRS CARTILAGE EXTRACELLULAR MATRIX
REPLENISHMENT IN VITRO
I.-G. Sunk, L. Amoyo, J.S. Smolen, K. Bobacz
Med. Univ. of Vienna, Vienna, Austria
Purpose: To investigate the role of bone morphogenetic proteins (BMP) in
intrinsic cartilage repair following tissue damage.
Methods: Cartilage explants were obtained from metacarpophalangeal
joints of adult steers. Cartilage damage was induced by depleting extracel-
lular matrix by trypsin digestion. Samples were maintained in serum-free
basal medium (BM) with and without the addition of either Noggin, Noggin
+ insulin-like growth factor (IGF)-I and Noggin + Fetal calf serum (FCS).
Undigested and unstimulated explants served as negative controls. At days
7, 14, 21, 28 and 35 biosynthesis of matrix macromolecules was assessed
by [35S]Sulfate incorporation. Additionally, histological analysis using tolu-
idine blue staining and quantitative real-time PCR on distinct BMPs was
performed.
Results: Endogenous expression of BMPs was upregulated following car-
tilage damage; simultaneously, matrix macromolecule synthesis was in-
creased. Blocking of BMP activity using the BMP-antagonist Noggin resulted
in a signiﬁcant reduction of glucosaminoglycan neo-synthesis. While FCS
overcame the anti-anabolic effects of Noggin, the addition of IGF-I had no
signiﬁcant stimulatory effect on matrix macromolecule production.
Conclusions: We conclude that the increased expression of BMPs af-
ter cartilage damage together with a BMP-dependent increase in matrix
macromolecule synthesis indicates a functional role of these growth factors
in intrinsic cartilage repair.
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AUTOLOGOUSMATRIX INDUCED CHONDROGENESIS (AMIC PLUS) FOR
THE TREATMENT OF PATELLAR CARTILAGE DEFECTS IN THE KNEE
A.A. Dhollander, F. De Neve, F. Almqvist, R. Verdonk, P.C. Verdonk
Ghent Univ., Ghent, Belgium
Purpose: The present study was designed to evaluate the AMIC plus
technique for the treatment of symptomatic patellar cartilage defects in the
knee. MRI was used for the morphological analysis of cartilage repair.
Methods: The AMIC plus technique (combination of the original AMIC tech-
nique and the use of platelet rich plasma) was used for the treatment of
symptomatic chondral and osteochondral patellar lesions in the knee. Five
patients were clinically prospectively evaluated with use of the Knee Injury
and Osteoarthritis Outcome Score (KOOS), a Visual Analogue Scale (VAS) for
pain, the Tegner activity level scale and Kujala scale preoperatively and at
12 and 24 months of follow-up. All 5 patients had consented to follow the
postoperative MRI evaluation protocol. MRI data were analyzed based on
the original MOCART (Magnetic Resonance Observation of Cartilage Repair
Tissue) scoring system.
Results: A statistically signiﬁcant clinical improvement became apparent
after 24 months of follow-up. The MOCART scoring system revealed no
signiﬁcant deterioration or improvement of the repair tissue between
one and two years of follow-up. Twenty-four months after the operation
hypertrophy was found in 40%. Subchondral bone changes and intralesional
osteophytes were seen in all cases (100%). Synovitis and adhesions were
not observed in the study patients at that time of follow-up.
Discussion: AMIC plus resulted in clinically signiﬁcant improvement in all
patients. The favourable clinical outcome of the AMIC plus technique was
not conﬁrmed by the MRI ﬁndings as determined by the MOCART score.
More speciﬁcally, all cases showed subchondral lamina and bone changes,
including intralesional osteophytes, were observed.
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HIGH-THROUGHPUT TRANSCRIPTION PROFILING REVEALS CANDIDATE
GENES INVOLVED IN REGENERATION AFTER EXPERIMENTAL JOINT
DAMAGE IN THE NEWT
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Purpose: In contrast to mammal joint injuries that cannot be treated
causatively so far, amphibians are able to regenerate whole limbs and can
endogenously cure local articular tissue lesions. Therefore, we aimed to de-
cipher regeneration-relevant molecular factors by analyzing the differential
gene expression proﬁle of damaged vs. intact knee joints of adult newts
using cDNA array technology.
Methods: Knee joint damages of adult newts (Notophthalmus viridescens)
were induced by surgical removal of the femoral cartilage. After total
RNA isolation from whole knee joints at different time points after dam-
age hybridization onto cDNA microarrays was performed, and selected
differentially expressed genes are being validated by PCR techniques.
Results: Based on the array spots usable for analysis after hybridization,
we ﬁltered those genes that were at least 2-fold differentially expressed in
at least 3 of 4 replicates in the same direction. Accordingly, 26, 22 and 3
as well as 4, 11 and 9 known genes and many unknown transcripts were
found to be up- or downregulated at days 10, 20 and 40, respectively.
Amongst known genes, there were matrix components (decorin, biglycan,
ﬁbronectin, collagens, tenascin), anabolic and catabolic factors (e. g. TIMP,
MMPs, cathepsins) as well as different signalling molecules. First PCR
validations conﬁrmed the gene expression differences between damaged
and intact joints.
